Experiments were conducted to determine the effects of supplementing chopped ryegrass hay with 0, 5, 10, or 20% fat coated with ruminal bypass protein (Prolip@ on ruminal digestion by cows and nutrient digestibility by sheep. Ruminal disappearances of DM, ADF, and NDF were measured by the in sacco technique using a cannulated cow. Degradation of DM, ADF, and NDF was not affected by protected fat supplementation at the 5, 10, or 20% level during the first 16 h in the rumen. In addition, supplementation with Prolip did not influence in vitro fermentation characteristics such as pH and VFA patterns. A digestibility experiment with six mature sheep in a switch-back design showed no decrease in feed intake or other undesired effects between unsupplemented (basal) and Prolip-supplemented diets. 'Whatever the diet fed to sheep, fiber digestibility was similar; however, DM and nitrogen digestibilities were significantly higher relative to the basal diet when ryegrass hay was substituted at 20% (64.2 vs 59.0% and 74.1 vs 71.1%, respectively). Ether extract digestion was enhanced by increasing level of Prolip; the corresponding values were 48.0, 64.9, 74.6, and 84.6% at 0, 5 , 10, or 20% Prolip. Likewise, Prolip supplementation at the 10 or 20% level augmented digestibility of energy (62.7 or 65.9 vs 59.2%). Nitrogen and energy retentions were improved due to the decreases in fecal and(or) urinary excretion(s1.
Introduction
Fat can be used to increase the energy density of high-forage diets that are fed to ruminants. However it is believed that the lipid supplied in ruminant diets often has a negative effect on feed intake and fiber digestibility. This effect is more marked with polyunsaturated fatty acids (Palmquist and Jenkins, 1980; Sutton et al., 1983) . Lower digestibility of fiber may lower milkfat content by reducing the ratio of acetic to propionic acids in the rumen and also may lower digestible energy for milk yield (Chalupa et al., 1984; Broudiscou et al., 1988) . Because only 3 to 5% of fat added to common feeds seems t o be tolerated by ruminal microorganisms (Palmquist and Jenkins, 19801 , research has been conducted to develop highfat feeds that do not impair fermentative digestion (i.e., encapsulated fat, prilled fat, and calcium salt of fatty acids [Cuitun et al., 1975; Chalupa et al., 1985;  J. Anim. Sci. 1993 . 71:1026-1031 Grummer, 19881) . The use of these fats suggests the potential to employ lipids up to 8 to 9% of the diet DM (Ostergaard et al., 1981) .
The objectives of these experiments were to determine 1 ) whether fat was digested adequately when fed as encapsulated fat (Prolip@, Cofna, Tours, France) and 2 j whether feeding supplemental fat entirely as encapsulated fat would permit normal digestion of fiber.
Materials and Methods
Fat Source and Diets. The basal diet consisted of chopped Italian ryegrass hay (second growth after first cut at heading) to which was added a mineralvitamin mix; the ryegrass hay used in the present study was grown at the Experimental Station of Borret (Poucharramet, 31370 Rieumes, France). For fat-supplemented diets Prolip, a mixture of animal fat and vegetable oils coated with heat-treated ( 1 l 0 T ) blood meal proteins (86.1% DM; 95.4 g of OM, 62.0 g of CP, 32.2 g of ether extract [EEI and 2.8 M J of GE per 100 g of DM), replaced chopped ryegrass hay at 5, 10, or 20% levels. Mean identified fatty acids for Prolip were palmitate (20 to 30%), stearate (15 to In Sacco Digestion of the Diets. The nylon bag technique (Michalet-Doreau et al., 1987) was used to measure nutrient disappearance of the experimental diets in the rumen (Table 1) . Heat-sealed nylon bags (Blutex T50, Tripette et Renaud, Paris, France; mean pore size 46 pmj, with 0, 5, 10, or 20% Prolipsupplemented diets were incubated in the rumen of two cannulated cows (average BW = 650 kg) fed the basal diet daily at 0900 and 1700 at maintenance level for protein and ME (Coulon et al., 1989) . Bags were filled with experimental diet ground through a 1-mm screen (11.0 cm x 7.0 cm; 3 g ) . Eighteen bags per diet per cow were introduced into the rumen before the morning feeding and removed in groups of three at intervals of 2, 4, 8, 16, 48, and 72 h; bags were immediately rinsed under cold tap water to eliminate adhering digesta, machine-washed, and dried at 80°C in a forced-draft oven for 48 h.
In Vitro Fermentation. The semicontinuous artificial rumen (Rusitecj was used for the study of ruminal fermentations as described by Czerkawski and Breckenridge (1977) and Blanchart et al. (1989) . Two nylon bags (11.0 cm x 6.0 cm; mean pore size 46 pm) containing 10 g of substrate (basal or 20% Prolip diets; Table 1 ) were placed into a fermenter flask. Four fermenter flasks were used per diet. Contents were inoculated with ruminal fluid obtained from a cow offered the basal diet, and medium (Tisserand and Zelter, 1965) was continuously infused into the system. The experiment was 4 d in length with a 5-d preliminary period; on d 5 until the end ruminal effluent was collected. The fermentation medium was centrifuged at 10,000 x g for 10 min; supernatants were assayed for pH, VFA, and ammonia ( N H 3 N ) .
Digestibility Trial. (Jouany, 1982) and NH3 N (Verdouw et al., 1977) ; the former was determined by gas-liquid chromatography (Intersmat, IGC 120 FBI.
Calculations and Statistical Analyses. Data of in sacco DM, ADF, and NDF ruminal disappearances were adjusted to the exponential model described by 0rskov and McDonald (19791, D ( 
in which degradation D is a function of time t and a, b, and c were considered as rapidly degraded fraction, slowly degradable fraction, and mean rate of degradation of fraction b, respectively. It is believed that digestibility of a concentrate feed fed to ruminants cannot be directly measured, and various methods have been proposed to evaluate the digestibility coefficients in such a situation (e.g., difference method, equation method, and regression methods [Giger and Sauvant, 19831) . To estimate digestibility coefficients of Prolip in the supplemented diets fed to sheep the stepwise multiple regression model including the levels of its incorporation was used.
The percentage of energy ( E ) absorbed by the sheep was estimated as follows: ( E intake -heat of combustion of methane -fecal E)/E intake x 100.
In our study, which showed that Prolip bypasses the rumen without compromising ruminal fermentation, heat of combustion of methane was taken as 8% of energy intake (Vermorel, 1989) . The percentage of E retained by the sheep was determined as follows: ( E intake -heat of combustion of methane -fecal Eurine E)/intake x 100. The heat production of urine was calculated according to the equation of Parigi-Bini and Cesselli ( 19 7 6 ) . The significance of differences between additives in the in vitro studies was tested by Student's t-test. To analyze digestibility data a split-plot ANOVA for repeated measurements over time was used with animal, diet, and the animal x diet interaction included in the model. For the in sacco trial, incubation time in the rumen was an additional withinanimal component of the model. When the F-test was significant ( P > .05) means separation was achieved by the Student-Newman-Keuhls test.
Results and Discussion
Data for loss of DM and cell wall constituents from bags during a 72-h period for each of the diets studied are shown in Table 2 . The disappearance of DM, ADF, and NDF was not affected by protected fat supplementation during the first 16 h in the rumen; however, after 48 h, digestion was reduced by the presence of Prolip at the 5% level and was increased at the 20% Prolip level. The parameters defining the equations describing the pattern of nutrient degradation are presented in Table 3 ; coefficients of determination were highly significant. Thus, modeling the data showed that the latter differences were due to a variation in degradation rate ( c ) . Several authors (Kowalczyck et al., 1977; 0rskov et al., 1978; Mir, 1988) showed that physically coating dried grass with fat supplements (tallow; canola-acidulated fatty acids) decreased DM digestion in nylon bags after 12 h of incubation in the rumen of sheep fed unsupplemented diets. In the present study, the addition of protected fat apparently prevented the coating of feed particles by fatty acids, thus making the fatty acids unavailable for microbial digestion and possibly preventing fatty acids from building up to toxic levels in the rumen (Kent and Arembel, 1988) . Digestibility coefficients of the Prolip in the supplemented diets ingested by sheep were closely correlated with the level of nutrients furnished by added product in the diet (Table 4) . Therefore, the estimated digestibilities, from nylon bags, of DM, CP, EE, and energy for Prolip were, respectively, 88.5, 88.7, 97.9, and 88.7%; these results are in accordance with those obtained previously (Bayourthe and Vernay, 1993 ) with nylon bag experiments after sequential incubations in the rumen and intestine. The digestibility estimates of the heated blood meal protein and the encapsulated fat obtained in this study were high. Titgemeyer et al. (1989) determined that digestibility of blood meal N in the total digestive tract of the steer was 76%; however, it is recognized that protected proteins in conjunction with fats are utilized more efficiently than are, for example, protected proteins alone (Hogan et al., 1972; Cuitun et al., 1975) . Daily intakes of DM and digestibility values for the experimental diets are shown in Table 5 . In contrast to prevailing and conventional opinion (McLeod et al., 1976; Jenkins and Palmquist, 1984) , the high dietary fat caused no decrease in feed intake or other undesirable effects. When sheep were fed 5, 10, or 20% Prolip diets, they consumed greater amounts of CP, fat, and energy than when they were fed the basal diet (Tables 6 and 7 ). These differences are accounted for by the difference in nutrient content of the diets (Table 1) . Digestibility values of DM, OM, and CP were not lowered by added Prolip; in fact, they were higher ( P < .05) than for controls when the substitution of ryegrass hay was at the 20% level. For this diet, N intake was increased by approximately 86% (Table 6) ; the corresponding N retention was enhanced due to decreases in both fecal and urinary excretions. This may have been partly caused by higher daily E intake of the sheep (.81 vs .68 M J k g BW.75) and by the fact that added proteins were more digestible than those of the basal diet (88.7 vs 71.1%). Therefore, when sheep ingested the 20% Prolip diet their BW was increased ( P < .05) by approximately 420 g during the sampling period; in contrast, we found no significant live weight gain in sheep fed the basal or 5 or 10% Prolip diets. Likewise, balance experiments with sheep in which soybean meal was exchanged with the same material coated with calcium soaps showed slightly improved N retention and weight gain (Sklan, 1989) . Garrett et al. (1976) found that protected fat products increased the rate of fat deposition when beef and steers were fed with protein-encapsulated tallow instead of normal tallow.
All percentages of added Prolip enhanced digestion coefficients of EE (Table 5 ). In sheep fed the 5, 10, or 20% Prolip diets, fat digestion was increased by approximately 35, 55, and 76%, respectively. It has been noted in several previous studies that inclusion of lipid or protected fat into the diet increased fat digestibility (Brumby et al., 1978; Sharma et al., 1978; Jenkins and Palmquist, 1984; Sklan, 1989) and it has been suggested (Schneider et al., 1988 ) that this is due to increased availability of added fat compared with fatty acids in particles or membranes (e.g., 97.9 vs 48.0% in the present work). Consequently, addition of protected fats at the 10 or 20% level significantly increased E digestibility values by 5.9 and 11.3%, respectively (Table 5) ; the corresponding E retentions were improved due to a decrease in fecal E excretion (Table 7) . Digestibility of fiber was not decreased by ingestion of Prolip diets (Table 5 ). In addition, in vitro ruminal pH, N H 3 N, and W A concentrations, as well as molar percentage of acetate and propionate, were similar for the basal and 20% Prolip diets (Table 8) . As indicated earlier, a point of major interest was the possible effect of fat supplements on ruminal fiber digestion. To explain the exact mechanism a number of theories have been proposed (Devendra and Lewis, 1974) . These include modification of the ruminal microbial population or some of their activities concerned with Table 8 . Effect of Prolip supplementation of ryegrass hay diet on in vitro fermentationa fiber digestion (Orskov et al., 1978) and coating of the fibrous feed material with lipid, thereby denying its access to the microbes (Brooks et al., 1954; Kent and Arembel, 1988) . Data from our in sacco, in vitro, and in vivo studies indicate that the Prolip supplement did not decrease ruminal fermentation and fiber digestion when supplemented up to 20%. Such lack of negative effect of bypass lipid has been found in other experiments with 3.5 to 15.0% prilled fats or calcium salt of fatty acids diets (Chalupa et al., 1985; Grummer, 1988; Sklan, 1989) . However, another study carried out with encapsulated fat by Doreau et al. (1991) showed a decrease in VFA concentration, an orientation of ruminal fermentation toward propionic acid, and a strongly negative action on cell wall digestion in cows fed a 12.3% Prolip diet compared with those fed a control diet. In their work fat was encapsulated in formaldehyde-treated blood meal proteins and possibly protection against hydrogenation was less complete; thus, fats were less inert in the rumen than in the products used in our experiment. In addition, their diet was based on corn silage; however, it is often thought that high-fiber diets are more convenient for lipid addition than are low-fiber diets (Palmquist and Jenkins, 19801 , although there is no experimental evidence to confirm this matter. Cottyn et al. (1971) and Johnson and McClure (1972) did not show an effect of percentage of concentrate in the diet on the reduction in digestibility when fat was added. 
Implications
This study demonstrated that encapsulated fats provide an effective means to feed a high-fat diet without disturbing ruminal fermentation. Further, these are "dry fats," which greatly increases their utility for management, because they may be transported and mixed into diets more easily than traditional fats.
